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ABSTRACT

Background: Obesity isan established risk factor for gallstones, but
whether abdominal adiposity contributes independently to the risk,
particularly in men, remains unclear.

Objective: The purposeof the study wasto examinetheassociations
of abdominal circumference and waist-to-hip ratio, as measures of
abdominal adiposity, with therisk of symptomatic gallstone disease
in men.

Design: We prospectively studied measures of abdominal obesity in
relationto theincidence of symptomatic gallstonediseasein acohort
of 29 847 men who were free of prior gallstone disease and who
provided complete data on waist and hip circumferences. Data on
weight, height, and waist and hip circumferences were collected in
1986 and in 1987 through self-administered questionnaires. As part
of the Health Professionals Follow-Up Study, men reported newly
diagnosed symptomatic gallstone disease on questionnaires mailed
to them every 2.

Results: We documented 1117 new cases of symptomatic gallstone
disease during 264 185 person-years of follow-up. After adjustment
for body mass index and other known or suspected risk factors for
gallstones, men with aheight-adjusted waist circumference = 102.6
cm (40.4 in) had arelative risk of 2.29 (95% CI: 1.69, 3.11; P for
trend < 0.001) compared with men with a height-adjusted waist
circumference < 86.4 cm (34 in). Men with a waist-to-hip ratio
= 0.99 had amultivariaterelativerisk of 1.78 (1.38, 2.28; Pfor trend
< 0.001) compared with men with awaist-to-hip ratio < 0.89.
Conclusions: Our data suggest the presence of a significant asso-
ciation between abdominal adiposity and theincidence of symptom-
atic gallstone disease. As measures of abdominal adiposity, abdom-
inal circumference and waist-to-hip ratio predict the risk of
developing gallstones independently of body massindex. AmJ
Clin Nutr 2004;80:38—44.
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INTRODUCTION

Gallstonesdevelopin ~10-25% of adultsinthe United States
and account for >800 000 hospitalizations yearly (1, 2). In the
United States, cholesterol stones account for ~80% of the gall-
stones removed from patients (3, 4). Although obesity is an
establishedrisk factor for cholesterol gallstonesin both sexes, the
association of gallstone disease with obesity tends to be found
less consistently in men than in women (5-8). Severa studies
that found a positive rel ation between body massindex (BMI; in
kg/m?) and gallstone disease in women failed to show such an

association in men (9—12), which raises the possibility that men
may belessliableto gallstone formation associated with obesity
because they may have more lean body mass than women do
(13). Abdominal or central obesity, whichisapowerful contrib-
utor to metabolic abnormalitiessuch asinsulinresistanceandlow
plasmaHDL cholesterol (14-16), may play animportant rolein
galstone formation (3, 9, 11, 17). Limited data on regional fat
distribution suggest that central obesity may berelated totherisk
of gallstones (18-21), but this is not well established. Some
studiesfailed to find an association with fat distribution (8, 22—
24), particularly in men, but these studies may have been under-
powered. Whether regional obesity represents an independent
risk factor for gallstone disease after total adiposity istaken into
accountisunclear. Toaddressthesignificanceof theassociations
between body fat distribution and the risk of gallstone diseasein
men, we prospectively examined indicators of abdominal adi-
posity in relation to the occurrence of symptomatic gallstone
disease in alarge cohort of US men.

SUBJECTS AND METHODS

Population for analysis

The Health Professionals Follow-Up Study began in 1986 as
aprospective study. The cohort comprises 51 529 US male den-
tists (58%), veterinarians (20%), optometrists (7%), osteopathic
physicians (4%), and podiatrists (3%) who were 4075y of age
and returned a mailed questionnaire regarding anthropometric
measures, diet, medications, and medical history at baseline.
Ninety-six percent of the participantsarewhite. Follow-up ques-
tionnaires were sent biennially to update information on expo-
sures and avariety of newly diagnosed illnesses, including gall-
stone disease. Diet was assessed in 1986, 1990, and 1994. After
repeated mailings, thefollow-up ratein each 2-y follow-up cycle
was >94%. Follow-up for deaths was done through the next of
kin, post office notification, and the National Death Index (25).
A brief supplementary questionnaire was sent in 1987 to obtain
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self-reported waist and hip circumferences. The responserate to
this questionnaire (=65%) was lower than that for the usual
biennial mailings because fewer follow-up mailings were con-
ducted for this off-year questionnaire. For this analysis, we ex-
cluded 2007 men who reported a cholecystectomy or gallstone
diagnosis at baseline. We aso excluded 1208 men who were
diagnosed with cancer before 1986, 2151 men who did not pro-
vide valid information on the questionnaires, and 16 316 men
who did not provide weight or height information or complete
wai st and hip circumference measurements; these exclusionsleft
29 847 men for follow-up. The protocol of the Health Profes-
sionals Follow-Up Study was approved by the Institutional Re-
view Board of Brigham and Women’s Hospital.

Documentation of gallstone cases

Theprimary endpoint wasnewly diagnosed symptomatic gall-
stone disease. In 1986 and on each biennial follow-up question-
naire, participants were asked whether they had undergone sur-
gical removal of thegallbladder or had been diagnosed ashaving
gallstones by a physician. Participants were also asked whether
the gallstone diagnosis had been confirmed by ultrasonographic
or X-ray procedures and whether their gallstones were symp-
tomatic. For verification of the self-reports of cholecystectomy
and diagnosed but unremoved gallstones, a random sample of
441 medical records of participants who reported a chol ecystec-
tomy or gallstoneswerereviewed, and of these, thediagnosiswas
confirmed in all except for 5 participants (99%). Moreover, al
except for one of the self-reported diagnostic procedures were
confirmed by medical record review.

Anthropometric assessment

The men reported their current weight and height and their
weight at 21y of ageonthe 1986 baselinequestionnaires. In 1987
we mailed asupplementary questionnaireto all cohort members
to abtain information on additional variables, including circum-
ference, that were not included on the 1986 baseline question-
naire. Each participant wasinstructed to measure hiswaist at the
umbilicus and his hips at the largest circumference between the
waist and the thighs while standing; the participants were also
instructed to avoid wearing bulky clothing during these measure-
ments (26). A tape measure and an illustration were provided in
the mailing to help standardize the measurements.

Weused BMI, whichwascal culated by dividingweight (inkg)
by the square of height (in m), as a measure of total adiposity,
wali st-to-hip ratio to measure the relative distribution of fat, and
waist circumference to estimate abdominal fat (27). In this co-
hort, waist circumference was positively correlated with height.
Thus, to investigate the association of waist circumference with
gallstone disease independently of height, we adjusted waist
circumference for height by using residual analysis to remove
extraneous variation (27). We first regressed waist circumfer-
ence on height by using linear regression and then added the
subject’ sresidual totheaveragewaist circumferencefor aman of
average height to convert this measure back to the initial scale.

In 1987 the validity of self-reported waist and hip circumfer-
ence measures was assessed in arandom sample of 123 partici-
pants living in the greater Boston area. The average of 2 mea-
surements that were made by different technicians and spaced
6 mo apart was compared with the self-reported current weight
and waist and hip circumference values on the most recent

questionnaire. The differences in mean circumference between
the technician measures and the self-reported measures were
0.91 cm (0.36in) for the waist and —1.98 cm (—0.78 in) for the
hips. After adjustment for age and random within-person vari-
ability from daily or seasonal fluctuations in measurements, the
Pearson correl ations between the sel f-reported measures and the
averageof thetechnicians' 2 measurementswere0.97 for weight,
0.95 for waist circumference, 0.69 for waist-to-hip ratio, and 0.88
for hip circumference (26). The correlations were essentially un-
changed within strata of age, smoking status, or BMI. Thus, the
self-reported measures of waist and hip circumference and weight
appeared to bereasonably vaid. Information on potential confound-
ing variables, including diet, physicd activity, and smoking status,
was obtained from the baseline 1986 questionnaire (28).

Statistical analysis

For each participant, follow-up time accrued from completion
of the 1987 questionnaire and ended at the month of cholecys-
tectomy, diagnosis of symptomatic gallstones, death, or the end
of the study on 31 January 1998, whichever occurred first. Men
with silent gall stones or those whose gal | stone diagnosiswas not
based on ultrasonography or radiograph, as well as men with
cancer, wereexcluded from subsequent follow-up periods. Thus,
the eligible population at risk comprised only those men who
remained free of gallstone disease and cancer at the beginning of
each 2-y follow-up interval. Pearson correlations between the
anthropometric variableswere calculated. Thewaist-to-hipratio
and waist circumferences at study entry were divided into 6
categories, and BMI was divided into 8 categories, with approx-
imately equal numbers of men in each category.

Theincidencerateswere cal culated by dividing the number of
events by person-years of follow-up. Relative risks were calcu-
lated as the incidence rate of symptomatic gallstone disease
among men in each category of waist circumference and waist-
to-hip ratio compared with the incidence rate anong men in the
lowest category of each index, with adjustment for age in 5-y
categories. Age-adjusted relative risks were calcul ated by using
the Mantel-Haenszel summary estimator (29). For multivariate
analyses, the estimated relative risks for symptomatic gallstone
disease were simultaneously adjusted for potential confounding
variables by using a pooled logistic regression model with 2-y
timeincrements(30). Thismethod accountsfor variationsintime
to the outcome event and is asymptotically equivalent to Cox
regression with time-dependent covariates if the time intervals
are short and the probability of an eventissmall for eachinterval
(31). Testsfor linear trends were computed by using continuous
variables in pooled logistic regression models. In multivariate
models, wesimultaneously included the anthropometricindex or
indexes and potential confounders. Potential confounding vari-
ables included age, recent weight change, cigarette smoking,
alcohol intake, caffeine intake, dietary fiber intake, physical ac-
tivity, and total energy intake. Although reported diabetes mel-
litus was associated with obesity and gallstone disease, we did
not control for it inthe multivariate model s because adjusting for
risk factors in the causal pathway would have inappropriately
attenuated the truerelative risk of obesity (29). All relative risks
are presented with 95% Cls, and all reported P values are two-
sided. All analyseswere performed with SASrelease 6.12 (SAS
Institute Inc, Cary, NC).
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TABLE 1

Baseline characteristics according to height-adjusted waist circumference of US men who participated in the Health Professionals Follow-Up Study*

Height-adjusted waist circumference (cm)

<86.4 86.41t0 <90.2 90.2to <93.7 93.7t0 <97.3 97.3t0 <102.6 =102.6 P for
Characteristic (n = 4889) (n = 4840) (n = 4987) (n = 4943) (n = 5057) (n = 5131) trend
Age(y) 50.3 + 9.0 520+ 9.2 538+ 9.4 549+ 95 557+ 95 56.2 + 9.4 <0.001
BMI in 1986 (kg/m?) 220+ 31 232+ 34 241+ 37 248+ 4.0 259+ 41 286+ 54 <0.001
BMI at age 21y (kg/m?) 211+ 42 215+ 46 21.7+£50 219+53 224 +53 235+59 <0.001
Current smoker (%) 8.1 8.1 7.3 8.7 85 9.1 <0.001
Regular use of NSAIDs (%) 6.2 6.4 6.8 7.0 7.3 7.4 <0.001
Regular use of thiazide 0.5 1.0 12 15 19 2.6 <0.001

diuretics (%)

Physical activity (METs'wk) ~ 27.5 + 28.7 237+ 294 20.4 + 23.6 18.6 £ 215 16.3 £ 20.2 129+ 191 <0.001
Total energy intake (kcal/d) 2043 + 611 2019 + 614 1992 + 602 1991 + 605 2006 + 616 2004 + 633 0.004
Alcohol intake (g/d) 106+ 14.1 11.3+ 147 116 + 153 121+ 155 123+ 16.3 119+171 <0.001
Caffeine intake (mg/d) 211 + 237 223 + 234 229 + 236 243 + 250 250 + 253 269 + 265 <0.001
Dietary fiber intake (g/d) 222+78 214+70 21.2+6.9 20.8 + 6.6 20.6 + 6.6 201+ 6.5 <0.001

1 NSAIDs, nonsteroidal antiinflammatory drugs; METs, metabolic equivalent tasks, defined as amultiple of metabolic equivalents of sitting at rest.

2X + SD (all such values).

RESULTS

We documented 1117 cases of symptomatic gallstone disease
during 264 185 person-years of follow-up, and in 600 of these
cases, cholecystectomy was required. Mean values for anthro-
pometric measurements and other potential risk factors accord-
ing to 6 categories of height-adjusted waist circumference at
baseline or of waist-to-hip ratio at baseline are shown in Tables
1 and 2, respectively. Men with a higher height-adjusted waist
circumference and wai st-to-hip ratio were more likely to be sed-
entary and current smokers, to eat less dietary fiber, and to con-
sume more caffeine. The prevalence of the use of diuretics and
nonsteroidal antiinflammatory drugs tended to be higher among
theheaviest men. Height-adj usted wai st circumferencewasmore
strongly associated with current BMI (r = 0.80) than waswai st-
to-hipratio (r = 0.35) and was modestly correlated with BMI at
21y of age(r = 0.36). Waist-to-hip ratio was not correl ated with
BMI at 21y of age (r = 0.08).

TABLE 2

Height-adjusted waist circumferences (T able 3) and wai st-to-
hip ratios (T able4) were positively associated with age-adj usted
risks of symptomatic gallstone disease. The men with a height-
adjusted waist circumference = 102.6 cm (40.4in) had arelative
risk of 2.66 (95% Cl: 2.11, 3.35; P for trend < 0.001) compared
withthosewith aheight-adjusted waist circumference < 86.4cm
(34 in). Similarly, the men with awaist-to-hip ratio = 0.99 had
arelativerisk of 2.26 (95% CI: 1.78, 2.86; P for trend < 0.001)
compared with those with a waist-to-hip ratio <0.89.

Multivariate models were used to adjust simultaneously for
regional and total adiposity measures as well as for other risk
factors for gallstone disease (Tables 3 and 4). The men with a
height-adjusted waist circumference =102.6 cm (40.4 in) had a
relative risk of 2.29 (95% ClI: 1.69, 3.11) compared with those
withaheight-adjusted waist circumference < 86.4cm (34in). As
a continuous variable, each additional 2.54 cm (1 in) of height-
adjusted wai st circumference was associated with arelative risk

Baseline characteristics according to waist-to-hip ratio of US men who participated in the Health Professionals Follow-Up Study?*

Waist-to-hip ratio

<0.89 0.89to0 <0.92 0.92t0 <0.94 0.94 to <0.96 0.96 to <0.99 =0.99 P for
Characteristic (n = 4751) (n=5793) (n = 4588) (n = 4616) (n = 4701) (n = 5398) trend
Age(y) 50.2 + 8.82 522 +9.2 535+93 549 + 9.6 55.6 + 9.3 56.7 £ 9.6 <0.001
BMI in 1986 (kg/m?) 234+ 3.8 240+ 41 244+ 43 248+ 45 255+ 47 265+ 5.0 <0.001
BMI at age 21y (kg/m?) 219+ 46 219+ 50 219+51 219+53 221+ 53 223 +56 <0.001
Current smoker (%) 73 7.0 7.9 9.4 10.2 <0.001
Regular use of NSAIDs (%) 6.1 6.9 6.5 6.7 7.6 <0.001
Regular use of thiazide 0.7 11 15 17 24 <0.001

diuretics (%)

Physicdl activity (METs'wk)  26.4 + 30.4 226+ 259 20.3+ 255 18.6 £ 23.1 16.6 = 19.1 145+ 19.3 <0.001
Total energy intake (kcal/d) 2010 + 618 2014 + 614 2002 + 602 2007 + 619 2006 * 610 2015 + 619 <0.001
Alcohol intake (g/d) 101+ 134 110+ 144 116 + 153 119+ 155 123+ 16.6 131+ 175 <0.001
Caffeine intake (mg/d) 228 + 245 235 + 248 229 + 241 238 + 243 244 + 247 251 + 254 <0.001
Dietary fiber intake (g/d) 218+ 73 214+70 21.1+6.9 20.8 + 6.6 20.7 + 6.7 204 + 6.9 <0.001

1 NSAIDs, nonsteroidal antiinflammatory drugs; METs, metabolic equivalent tasks, defined as a multiple of metabolic equivalents of sitting at rest.

2X + SD (all such values).
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Multivariate-adjusted relative risks (RRs) of symptomatic gallstone disease (GSD) according to height-adjusted waist circumferences among US men who
participated in the Health Professionals Follow-Up Study*

Height-adjusted waist circumference (cm)

P for
<86.4 86.4 to <90.2 90.2t0 <93.7 93.7t0 <97.3 97.3t0 <102.6 =102.6 trend
Cases of 97 131 154 179 239 317 —
GSD (n)
Person-years 44 956 43 606 43 457 44 107 44 380 43678 —
RR
Model 12 1.00 1.29(0.99, 1.68) 1.42(1.10,1.83) 156 (1.22,2.01) 2.01(1.58, 2.56) 2.66(2.11, 3.35) <0.001
Model 22 1.00 1.28(0.98, 1.67) 1.38(1.07,1.79) 1.51(1.18,1.95) 1.92 (1.51, 2.44) 2.45(1.94,3.11) <0.001
Model 3* 1.00 1.22(0.93, 1.61) 1.30(0.98,1.71) 1.41 (1.07, 1.88) 1.80(1.35, 2.39) 2.29(1.69, 3.11) <0.001

195% Clsin parentheses.
2 Age adjusted.

3 A multivariatemodel that included adjustment for thefollowing: age (5-y categories), physical activity (quintiles), dietary fiber intake (quintiles), regular
use of thiazide diuretics (yes or no), regular use of nonsteroidal antiinflammatory drugs (yes or no), pack-years of smoking (6 categories), acohol intake (5

categories), caffeine intake (quintiles), and total energy intake (quintiles).

4| dentical to model 2 except for additional adjustment for BMI in 1986, BMI at 21y of age, and weight change during the past 2y.

of 1.07 (95% ClI: 1.04, 1.09). The men with awaist-to-hip ratio
=0.99 had a multivariate relative risk of 1.78 (95% Cl: 1.38,
2.28; P for trend < 0.001) compared with those with awaist-to-
hipratio < 0.89. Asacontinuousvariable, each 0.1 increment of
wai st-to-hip ratio was associated with arel ativerisk of 1.29 (95%
Cl: 1.15, 1.44).

In the age-adj usted model, the men with acrude waist circum-
ference =102.9 cm (40.5in) had arelativerisk of 2.63 (95% CI:
2.06, 3.35; Pfor trend < 0.001) compared with thosewith acrude
walist circumference <86.4 cm (34 in) (data not shown). In the
multivariate model that adjusted simultaneously for regional and
total adiposity measuresaswell asfor other risk factors, the men
with a crude waist circumference = 102.9 cm (40.5 in) had a
relative risk of 2.14 (95% Cl: 1.57, 2.91) compared with those
with a crude waist circumference <86.4 cm (34 in) (data not
shown). Asacontinuousvariable, each additional 2.54 cm (1in)
of crude waist circumference was associated with arelative risk
of 1.06 (95% Cl: 1.04, 1.08).

To evauate the potential for detection bias due to increased
medical surveillance of overweight men, we additionally ex-
cluded 12 906 men without a routine medical check-up during

TABLE 4

the first 2-y follow-up period. The multivariate relative risk for
themenwith awaist-to-hip ratio = 0.99was 1.53 (95%Cl: 1.11,
2.12; P for trend = 0.009) compared with those with awai st-to-
hip ratio <0.89. The men with a height-adjusted waist circum-
ference =102.6 cm (40.4 in) had arelative risk of 2.08 (95% ClI:
1.39, 3.10; P for trend < 0.001) compared with those with a
height-adjusted waist circumference <86.4 cm (34 in).

Weconsidered the possibility that, because of awarenessof the
associations between obesity and gallstone disease, physicians
may be more likely to diagnose gallstones in asymptomatic fat
men. To address this potential bias, we further excluded 517
subjects with unremoved stones, which were presumably less
symptomatic, and limited the analysis to subjects who had a
cholecystectomy. The multivariate relative risk for the men with
awaist-to-hip ratio = 0.99 was 1.71 (95% ClI: 1.22, 2.40; P for
trend = 0.009) compared with those with a waist-to-hip ratio
<0.89. The men with a height-adjusted waist circumference
=102.6 cm (40.4 in) had arelative risk of 2.09 (95% CI: 1.37,
3.17; P for trend = 0.003) compared with those with a height-
adjusted waist circumference <86.4 cm (34 in).

Multivariate-adjusted relative risks (RRs) of symptomatic gallstone disease (GSD) according to waist-to-hip ratios among US men who participated in the

Health Professionals Follow-Up Study*

Waist-to-hip ratio

P for
<0.89 0.89t0 <0.92 0.92t0 <0.94 0.94t0 <0.96 0.96 to <0.99 =0.99 trend
Cases of 93 158 164 193 224 285 —
GSD (n)
Person-years 43514 52 506 41158 40593 40 666 45747 —
RR
Model 12 1.00 1.29(0.99, 1.67) 1.63(1.26,2.11) 1.84(1.43,2.36) 2.07 (1.62, 2.65) 2.26 (1.78, 2.86) <0.001
Model 2° 1.00 1.28(0.99, 1.66) 1.59(1.23,2.05) 1.76 (1.37,2.27) 1.96 (1.53,2.51) 2.09 (1.65, 2.66) <0.001
Model 3* 1.00 1.22(0.94,1.58) 1.48(1.15,1.92) 1.61(1.25,2.07) 1.73(1.35,2.23) 1.78(1.38,2.28) <0.001

1 95% Clsin parentheses.
2 Age adjusted.

3 A multivariatemodel that included adjustment for thefollowing: age (5-y categories), physical activity (quintiles), dietary fiber intake (quintiles), regular
use of thiazide diuretics (yes or no), regular use of nonsteroidal antiinflammatory drugs (yes or no), pack-years of smoking (6 categories), alcohol intake (5

categories), caffeine intake (quintiles), and total energy intake (quintiles).

4 ldentical to model 2 except for additional adjustment for BMI in 1986, BMI at 21y of age, and weight change during the past 2 y.
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TABLE 5

Multivariate-adjusted relative risks (RRs) of symptomatic gallstone disease (GSD) according to BMI in 1986 among US men who participated in the

Health Professionals Follow-Up Study*

BMI (kg/m?)
P for
<222 22.2t0<23.3 23.3to<24.1 24.1t0<25.0 25.0t0 <25.8 25.810 <26.7 26.7t0 <285 =285 trend
Cases of 79 120 125 112 137 141 170 209 —
GSD (n)
Person-years 30 634 35175 30992 33019 31382 33690 32212 32123 —
RR
Model 12 1.00 1.34(1.00,1.79) 155(1.17,2.06) 1.30(0.97,1.73) 1.64(1.24,2.16) 156(1.18,2.05) 1.98(1.52,2.60) 2.49(1.92,3.23) <0.001
Model 23 100  1.38(1.03,1.83) 158(119,210) 131(0.98,175) 1.63(124,2.16) 154(1.16,203) 1.90(1.45, 245 2.30(L76,3.00) <0.001

Mode 3* 100  124(092167) 1.32(0.97,179) 1.03(0.75,1.42)

1.21(0.88, 1.67)

107(0.77,1.48) 1.22(0.88,1.71) 1.29(091,1.85 0.8

195% Clsin parentheses.
2 Age adjusted.

3 A multivariate model that included adjustment for the following: age (5-y categories), weight change during the past 2 y (5 categories), physical activity
(quintiles), dietary fiber intake (quintiles), regular useof thiazidediuretics(yesor no), regular useof nonsteroidal antiinflammatory drugs(yesor no), pack-years
of smoking (6 categories), caffeine intake (quintiles), alcohol intake (5 categories), and total energy intake (quintiles).

4| dentical to model 2 except for additional adjustment for height-adjusted waist circumference.

We compared the men in the highest BMI category (BMI =
28.5) with those in the lowest BMI category (BMI <22.2) and
found that the men in the highest BMI category had an age-
adjusted relative risk of 2.49 (95% CI: 1.92, 3.23; P for trend
< 0.001). Therelativerisk wasdlightly attenuated (2.30; 95%Cl:
1.76, 3.00; P for trend < 0.001) after additional adjustment for
potential confounders (Table 5). When height-adjusted waist
circumference was added to the multivariate model, the relative
risks associated with the 8 BMI categories were all markedly
attenuated and became nonsignificant. Compared with the men
in the lowest BMI category (BMI <22.2), those in the highest
BMI category (BMI =28.5) had a multivariate relative risk of
1.29 (95% Cl: 0.91, 1.85; P for trend = 0.18).

DISCUSSION

In this large prospective cohort study, we found that both a
higher wai st-to-hip ratio and a higher waist circumference were
significantly associated with a higher risk of symptomatic gall-
stone disease in men, even after BMI was controlled for. These
variables appeared to capture additional information about risk
that was not encompassed by BM|I. Control for several potential
confounders had only a small effect on these relations. Our re-
sults suggest that abdominal obesity and fat distribution may be
important for identifying men at high risk of gallstone disease.

In this cohort, consistently high follow-up rates reduced the
possihility that our results were biased by men lost to follow-up.
It is also unlikely that self-reported anthropometric measure-
mentswereinfluenced by gallstone di sease because we collected
the data on baseline measurements before the endpoint. |n addi-
tion, we have shown the validity of self-reported measurements
of body weight and waist and hip circumferences (26).

Thevalidity of BMI asameasure of adiposity or body fatness
has been assessed by compari son with densitometry. Correlation
coefficients with percentage of body fat have generally been
between ~0.6 and ~0.8 (32). However, BMI asauseful measure
of overall obesity does not distinguish between fat and |ean body
mass and, therefore, may not be a perfect measure of adiposity,
particularly in older adults. Adiposity in older persons may in-
crease even though weight or BMI remains stable or even de-
creases because of the loss of lean body mass due to chronic

diseases or inactivity (33, 34). Thus, BMI has limitations as an
indication of fatness (27). Fat mass tends to accumul ate intraab-
dominally with age (35), so the importance of abdominal adi-
posity in metabolic disturbances and health hazardsis greater in
older people (36). Because a large waist is an unambiguous
indicator of excess body fat except in the presence of abdominal
tumorsor ascites, wai st measurement may be abetter estimate of
overall body fat thanisBMI. Inthiscohort, wepreviousy described
age-related patterns of obesity (37). On average, BMI peaksamong
men a ~60y of age and declinesthereafter, whereasaveragewaist
circumference and waist-to-hip ratio increase through al age
groups. Because variation in BMI may reflect varying rates of loss
of lean body mass as well as variations in adiposity, BMI may
not be an optimal measure of obesity, particularly in men, who
have more lean body mass than women do.

The absence of an independent association between BMI and
symptomatic gallstone disease, after control for height-adjusted
wai st circumference, which was asignificant predictor, was due
to the high correlation between BMI and height-adjusted waist
circumference (r = 0.8). Because of thelarge samplesizeand the
sufficient residual variation in the height-adjusted wai st circum-
ference variable after control for BMI, we were able to statisti-
cally differentiatethe effects of height-adjusted waist circumfer-
ence and BMI. From the biological perspective, BMI becomes
primarily a surrogate of lean body mass when BMI and height-
adjusted waist circumference are included in the same model,
because the variation in BMI attributable to adiposity is essen-
tially controlled by the height-adjusted wai st circumferencevari-
able. Another plausibleexplanationisthat central fat distribution
may be a more important risk factor for gallstone occurrencein
men than is overall obesity.

Epidemiologic data concerning the relation between abdom-
inal obesity and gallstone disease are sparse and controversial.
Our results are consistent with those of a national, population-
based study of 6688 US men in which ultrasonography was used
to assess cholelithiasis or evidence of cholecystectomy and that
reported a relation between waist-to-hip ratio and gallbladder
disease(18). Inaddition, apopul ation ultrasonographi c survey of
gallstone prevalence among 838 middle-aged men in the United
Kingdom reported that gallstone disease had a stepwise relation
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with waist-to-hip ratio (20). However, an ultrasonographic sur-
vey inaMexican popul ation reported that waist-to-hip ratio was
not related to gallbladder disease (23). In a population study of
Japanese middle-aged, malemilitary officials, waist-to-hip ratio
tended to be associated positively with prevalent gallstones and
history of cholecystectomy (21).

Bothwaist circumferencemeasuresand waist-to-hipratiosare
relatively easy to obtain and appear to impart clinically useful
information regarding therisk of gallstonedisease. A larger waist
circumference or waist-to-hip ratio among subjects of equal
weight may be amarker of increased abdominal visceral adipos-
ity and of overall adiposity. However, individual circumference
measures, rather than wai st-to-hip ratios, have less measurement
error (27) and may be more practical for weight guidelines. In
addition, the magnitude of excess risk for waist circumference
measures was dlightly stronger than that for waist-to-hip ratios.
Thus, waist circumference measures may be a better predictor.
Adjusting waist circumference for height did not appreciably
influence the magnitude of the association with gallstone risk;
because simple waist circumference measurements are easy to
perform, they may have practical importancein clinical settings.

Several reviews outlined the metabolic complications of obe-
sity and fat distribution (38—40). There are plausible biological
pathways through which abdominal adiposity might cause the
development of gallstone disease. In one study, gallbladder vol-
umeinthefasting stateincreased withincreasingintraabdominal
fat mass and in subjects with impaired glucose tolerance (41).
The pathogenesis of gallstonesin the obese subjects appeared to
beinfluenced by total body fat massand itsregional distribution,
possibly via mutual association with glucose tolerance. Defec-
tive gallbladder motility has aso been suggested as a pathway,
but the evidenceisfar from conclusive (42). Note that increased
free fatty acid influx and insulin resistance may be associated
with abdominal obesity. Visceral fatismore metabolically active
thanisnonvisceral fat and thusincreases hepatic exposureto free
fatty acids and decreases insulin sensitivity. Studies have sug-
gested a relation between gallstone disease and the metabolic
syndrome linked to abdominal obesity, of which the cardinal
feature is hyperinsulinemia. Hyperinsulinemia may cause in-
creased hepatic cholesterol secretion and cholesterol supersatu-
ration by activating hydroxymethylglutaryl coenzyme A reduc-
tase or by upregulating hepatocyte LDL receptors (43, 44).
Insulin might also increase gallstone risk through an effect on
gallbladder matility (45). A positive association between hyper-
insulinemia and gallbladder disease has been shown (46).

Although our study had severa strengths, there were limita-
tions. The outcomes were restricted to men with cholecystec-
tomy or diagnostically confirmed but unremoved symptomatic
gallstones. Asymptomatic gallstones were not included because
most would have been detected incidentally. We did not attempt
to estimate the incidence of gallstone formation but rather the
incidence of newly symptomatic gallstones. Thus, the analyses
focused on clinically relevant gallstone disease. An additional
limitation was that abdominal circumference and waist-to-hip
ratio were measured at baseline, but potential changesin abdom-
inal girth over the follow-up periods were not measured.

It is possible that abdominal obesity may increase the risk of
other medical morbidities and that the men in the present study
may have been more likely than the typical US man to see a
physician for medical care throughout the follow-up periodsand to
havegallstonesdiagnosed. Weaddressed thepossibility of detection

bias by excluding men without a routine medica check-up during
thefirst 2-y follow-up period and by limiting the analysisto subjects
who had a cholecystectomy (ie, excluding subjects with unre-
moved stones), which were presumably less symptomatic and
more proneto detection bias. After theseexclusions, thepositive
associations persisted and were still significant.

It was not possible to perform systematic screening in this
study population. Some undiagnosed gallstone cases may have
been present at baseline before the reporting of anthropometric
measurements. However, the presence of asymptomatic gall-
stones at baseline is unlikely to have been associated with the
reporting. Because relative risk estimation in follow-up studies
would not be biased by uniform underascertainment (29), our
results were probably not biased because of asymptomatic gall-
stones.

In conclusion, these prospective data suggest the presence of
a significant association between abdominal adiposity and the
incidence of symptomatic gallstone disease. As measures of ab-
dominal adiposity, abdominal circumference and waist-to-hip
ratio predicted the risk of gallstones independently of BMI. 3
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